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Dynamical Seasonal Predictability of the Asian Summer Monsoon

Kenneth R. Sperber1 and SMIP Participants
(BMRC, CNRM, JMA, and UKMO)
1 PCMD], Lawrence Livermore National Laboratory
P.O. Box 808, L-264, Livermore, CA 94550 USA

The goals of this paper are to (1) ascertain the ability of atmospheric general circulation models to
hindcast the summer monsoons of 1987, 1988, and 1993, (2) to determine how well the models represent
the dominant modes of subseasonal variability of the 850hPa flow, (3) to determine if the models can rep-
resent the strong link between the subseasonal modes of variability and the rainfall, (4) to determine if the
models properly project these modes onto interannual timescales, (5) to determine if it is possible to ob-
jectively discriminate among the ensemble members to ascertain which members are most reliable.

The results presented here are based upon contributions to the seasonal prediction mode] intercom-
parison project (SMIP), which was initiated by the CLIVAR Working Group on Seasonal to Interannual
Prediction (WGSIP; formally Numerical Experimentation Group-1). For each summer, June-September,
ensembles of integrations were performed using observed initial conditions, and observed sea surface tem-
peratures. Here, the results from a 4-member ensemble from the United Kingdom Met Office (UKMOQ)
model are presented for the sake of brevity. The conclusions based on the analysis of this model are con-
sistent with the behaviour of the other models.

EOF analysis of daily 850hPa wind is employed to extract the dominant modes of subseasonal vari-
ability from the NCEP/NCAR reanalysis and the ensemble members of the UKMO hindcasts (Fig. 1). The
observed modes correspond almost exactly to those extracted from 40 years of NCEP/NCAR reanalysis,
attesting to the robustness of these modes for controlling variability over the Asian summer monsoon re-
gion (Sperber et al. 1999a [Quart. J. Roy. Meteorol. Soc. submitted], 1999b [CLIVAR Exchanges No. 14,
December 1999]). EOF-1 (Fig. 1a), associated with the northward propagation of the tropical convergence
zone, is especially well simulated by the model (Fig 1b). For EOF-2, the model fails to properly capture
the flow over East Asia, and EOF-4 from the model (Fig. 1f) crudely captures the anticyclone/cyclone pat-
tern in the vicinity of India seen clearly in EOF-3 from the NCEP/NCAR Reanalysis (Fig. 1e). Composite
differences of rainfall (not shown) based on days when the principal components exceed +/- 1 standard
deviation thresholds confirm that the model modes correspond to the observed modes.

As discussed in Sperber et al. (1999a, 1999b) the seasonal mean of each principal component time
series gives the projection of that mode onto the interannual variability. The projections of the ensemble
members and validation from NCEP/NCAR reanalysis are given in Table 1. Those realizations that were
able to capture the correct signs of the projections for all three modes during a given year are shaded. In
1987 the model was unable to capture the correct projections of all three modes onto the interannual vari-
ability, and as such the model failed to even qualitatively capture the precipitation and 850hPa wind anom-
alies (not shown). Rather the model incorrectly produced enhanced rainfall over India in 1987. This is
consistent with the systematic error of this model in that it produces enhanced rainfall over India during
El Nifio conditions (J. M. Slingo, personal communication, 1999). In 1988, 3 of 4 members did not prop-
erly simulate the projection onto interannual timescales (Table 1). While the model does qualitatively rep-
resent the southeasterly anomalies in the vicinity of the monsoon trough (Fig. 2¢, 80°E, 20°N) it fails to
capture the onshore flow and cyclonic circulation anomalies near the west coast of India. and it overesti-
mates the cyclonic anomalies at the head of the Bay of Bengal seen in the NCEP/NCAR reanalysis (Fig.
2a). Hence the model (Fig. 2d) fails to capture the enhanced rainfall over the whole of the Indian subcon-
tinent, and it overestimates the negative rainfall anomalies over the Bay of Bengal compared to the ob-
served anomalies (Fig. 2b). However, as seen in Table 1, the integration that was run using the 31 May
1988 initial conditions successfully captured the correct sign of the projections of all 3 modes, and as seen
in Figs. 2e-f, this member more realistically represents the observed rainfall and 850hPa wind anomalies.



In particular, it better represents the orientation of the wind anomalies in the monsoon trough, it has a ten-
dency for onshore flow near southern India, it has cyclonic anomalies near the west coast of India, and the
cyclonic anomalies over the Bay of Bengal are not as strong relative to the anomalies calculated using all
members (Fig. 2¢). Consequently, the 31 May 1998 member more realistically represents the enhance rain-
fall over India and the reduced rainfall over the Bay of Bengal. During 1993 three of four members give
the proper projections of the subseasonal modes onto the interannual variability, and as a consequence the
wind and rainfall anomalies are better captured during this summer (not shown). The 29 May 1993 inte-
gration was unable to capture the correct projections onto the interannual variability, and its removal from
the ensemble yields further improvement in the wind and rainfall anomalies (not shown).

To varying degree the models represent some but not all of the dominant modes of subseasonal vari-
ability during the Asian summer monsoon. For the afore-mentioned modes, the models represent the sub-
seasonal link between the 850hPa flow and the rainfall. However, in most cases the models do not properly
represent the projection of these modes onto the interannual variability. Consequently, the hindcasts are
typically poor. When an ensemble member qualitatively represents the seasonal projections of the individ-
ual modes, then that member gives a more realistic representation of the observed seasonal anomalies of
850hPa wind and precipitation. The converse is also true. At least 2 possible causes exist for the poor per-
formance of the hindcasts. These include the strong spin-up due to the initial shock of using observed ini-
tial conditions (not shown) which are out of balance with the usual parameter space of the model.
Additionally, systematic errors of the model climatologies need to be reduced since this is associated with
improper simulation of remote teleconnections.

Acknowledgments. Dr. K. R. Sperber was supported under the auspices of the U.S. Department of
Energy Environmental Sciences Division at the Lawrence Livermore National Laboratory under Contract
W-7405-ENG-48. I wish to thank the modelling groups for contributing their data to this project.

Table 1: Seasonal means (June-September) of the principal components of the daily 850hPa wind
for 1987, 1988 and 1993. Those realizations that were able to capture the correct signs of the
projections for all three modes during a given year are shaded.

Year/1.C. Source PC-1 PC-2 | PC-3*

1987 NCEP -2.0 -5.0 -6.7
28 May UKMO 19.2 6.0 1.8
29 May UKMO 31.9 -5.7 14.0
30 May UKMO -8.8 12.0 2.0
31 May UKMO 23.7 7.4 2.8
1988 NCEP -6.8 -8.7 10.6
28 May UKMO -26.1 -12.0 2.5
29 May UKMO -32.8 0.5 0.6
30 May -13.8
1993
29 May
30 May | UKMO |- 8.
31 May- . CUKMO |

*PC-4 from UKMO



40N

NCEP/NCAR
a)EOF-1  172%

20N \ N

EQ

208

N

40N
P2 S T TR Y I - . e - -
Y Y A P R A
' P B 2 N .
T N N N T Y A -
Fom N R RN - v g )
E 1% NNV 72~y - v/
I e PNy v S S
20N PERSE NG N -“_ e Y
P —— - - 4' - N
T e e P s -
i I TR U2 220 e NN
VPSRN A G
S DV -/ /
== ST NS
ESEEG At -
BT T TR AN
222 ket s cla Y
L. o NS S
1 - == A A T —>
AT A I T M N
A Y T U T T B B SN N W
N NG N N WY - s N e
20S = R K KR x o - -
60E 80E 100E 120€E
e) EOF-3 7.3%
40N~ + . * L
----- P T R I
- N N I e A A T [N
b - — ‘\{ ----- '/f'/'//;/
- e e I Y 7
R AN N //'//%
¥ i EANYNT 77 =
2083 { W RN A P T IS e
\ \ - 2 ‘\'\T\f\(\
RN SN EC eI =P D0 sPDD:
ES-2 5> N @ LTRSS
,—rrrf CRC —— ~ -
N~

J / ~ . RS L
AN
EQ e A L -
= \EW//L/‘/’ -~ %
4 o~ B t— . -

- S s e - e = = S -
[ N N N - aaN sN PR ey, W
R A A e e T T R S R
ot e e e i I SN N A O T A AR ol iy
i G et S T N T T T
P N R .
20S o , S e , ‘
60E 80E 100E 120E
—>
0.1

40|

20S - - ——
60E 80E 100E 120E

Figure 1: Results of an EOF analysis of daily 850hPa wind anomalies for June-September 1987,
1988, and 1993. Prior to the analysis the climatological daily means have been removed. EOF-1:
(a) NCEP/NCAR, (b) UKMO; EOF-2: (c) NCEP/NCAR, (d) UKMO; EOF-3: (¢) NCEP/NCAR.
(f) UKMO. The percent variance explained by each mode is also given.
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Figure 2: June-September seasonal mean anomalies for 1988 relative to the climatology for 1987,
1988, and 1993. (a) NCEP/NCAR 850hPa wind (m s™), (b) Xie and Arkin (1996) rainfall (mm day™),
(¢) UKMO 850hPa wind from the full ensemble, (d) as (c¢) but for rainfall, (e) UKMOQO 850hPa wind
from the 31 May 1988 initial condition integration, (f) as (e) but for rainfall.



